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PROBLEM TO BE SOLVED: To provide a piezoelectric actuator that can be 
driven with low voltage, and a method for manufacturing it. 
SOLUTION: A bimorph element 1 0 has a structure In which a laminated 
piezoelectric 1 1a formed by alternately piling up piezoelectric plates 21a- - v^x 
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and 23a-23e is 1 0-50 ^m, and total thickness of the bonded two laminated 
piezoelectrics 11a and lib is 0.1-2 mm. Thereby large flexing displacement 
Is caused in the bimorph element 10 with low voltage. 
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(54) \Sm<r>^m EEttTi'^^a.X— 



(57) [S««J] 

\M^^W\ AW^r^l'^^^^l Ott, EE««2 1 a~ 
2 1 e <i:S«l2 2 a • 2 2 b ^:/i^3^SlCitt^«^ae.nfe 
Vmrnm^^l 1 at. JESI«2 3 a~2 3 ei:«a2 
2a' -225' i:*^32S(cW^a*af,nfc«»^ffi« 
#:i 1 bi:*ift!iD^*3$n;^c«ifi^&W-r'5o BE«S2 1 
a~21e-23a~23 e CDj»*S: 1 0 /imjy.±5 0 

^1 1 a • 1 1 b<7)i^W*-^0. lmmJJJUi2min£-(T 





( 2 ) 

1 

ifi9in^^(DEEm.W-<^m^t)i l O tim&,±5 0 um&LT 

T&^-p, mmmmms.ni^(Dfim^i!)^o. osm 

«(FlH«)lSBE«{*:tStf|HSiJ©««l!)EEm{C»i5>— 

fc$tlTSc-5JEE«Ti7^a.X-5'-C*oT. 
«iriH»«**iOBEttfl^®ff*;5< 1 0 tim&,± 5 0 ximUtT 

-C^O. z&^O, ft!if3^*D^nrc«tr852®(^«®^lim 20 

if SfiE«Ti75^a.X-^'. 
3.x— 

iRf»i-rs«*« 1 *^ 5 ©li-rn*^ 1 «{cfa« 

itrlHi^'J HC/l7v"^A-&Wa*< 3 0 XfitT© 

EPWJ-rs^2XSi:, 

ffSlbT->- 3 xet. 

ttrffi->- 1 0 0 0'Cm± 12 0 O-CTfeSSom 

tmmm^jiwz^^^Tn^ti^m&w^^mmmr^m 
sxmt, so 
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* s ;i t t r -SffimT i7 5^ i X- 5^ ©sijt:^ 

t^^mfr-Slil*^ 7 tCia«cDBEm7d75^3.X-5'® 
[0 0 0 1] 

7t:^m\zm-r^. 

[0 0 0 2] 

[«e*cDS^i5] ^i-ffi$nfc)E«^*^(7)P*-«i^te (d 

*I^*X;^I«iIi:U, J?*:^|fi)$Z:^|«i)a:-r%) 

t-^n^*n«^^ffim 9 i a • 9 i bjjiftso^it^n 

[0 0 0 3] ««^jE«^J:9 1 a(i. }|E«^^Offi««:9 

3 a iinmvi(Dm.m9 4 a*tz:^i^o{^32stc«Hsn, 

«ffi9 4a«lli*5#Jr«MMtc:J*«£;^nTt>S. i»S 
MBE«#:9 1 a(i, ^MtC^nxV^^ 2 ^comffiiitf* 
^Oie®«8ISri«fl:i5<i:b, ^0©2«SrT-X«ffi 
<i:LTJE«fls:9 3 aO^^ffiMSd^ff ^^nxi^^o 
[0 0 0 4] »liSES^9 1 b». 8i€S£«fl:9 1 
a ^«t^CDjE«^9 3 b <l:|SI^«©«ffi9 4 

b*t3:gstc«B;^fn. «ffi9 4 b;*n «*5^{c«me<!){c 

*iiS«(4ibTJEE«{!^9 3 bcD^J-ffi^S^^frfenxVi 
•5. 015 JC«£E«#:9 3 a • 9 3 h<D^m(0{Si 

[0 0 0 5] ::<D^'5f3i^mmm<Di^^?,mmm&mii^ 

9 1 a • 9 1 bSr^)ll«9 2 tCj^^^JSrfflV^TftSO^t) 
«S9 4a • 9 4 b*nB*5^{CgE^$n/5:£Em 
T57 5=-3.x— ^9 Otc0r5£®«BES:WJ!)D-r-5<i:, 

«l)iS!JEE«{i»:9 1 a *«l^t-SJBE««£ 9 3 aJCiJ>« 

■^\^tmvm^[^(Dm.Kt^wisa-snrzmzii, mmmrn 
moimmti^mm^ti^^iizizu^. bfc*«oT. mmm 

SmW9 1 a*<X*l«0{C#tX«t^{Ctta)iME««£9 



( 3 ) 

3 

1 bttX*i6]lwfil*-. ^<Dl^mtl^XfWt)l'ymi'9 

0 oBRsa** z ijiPiTm^mr^^'^ fimmmm^fi 

^izitmmmmmi^Q i bttx:^i^jc#y:, ^©iisst 
bT/NW ^-(1/73(1^9 ott^©ffii(isa*<z::^ifii±ffla'v«p 
i!i-r -5 ± ^ fcBift-r « . 

[0 0 0 6] JEEa#:9 3 a • 9 3 btbTlS. JES-t^ 
(0 0 0 71 

A-f^rJU^m^g OJi, ffi«^9 3 a • 9 3 b<^l«<D 
»**i7 OMmt^±l 2 0 AmiilTtffVifcfetC. i&M 

•5. ^ftmmms.mw9 i a • 9 i bcommiz 1200 
'cu^±i 3 0 o-ciitTttissiVifiS^tijjg-e^^yiJi) 

IC, «g9 4 a • 9 4 btbT/t^vr^A (Pd) *3 20 
OXm-^tsm (Ag) /n=y'J^K (Pd) 

[0 0 0 81 *ISWttvl©J:^fe»t»{ci£i^T?a:$nfc 
[0 0 0 9] 

[Ka*«*-rsfcje)©¥©i ^^miz^tnt. 

&mi^(Dm^ti^ 1 0 H m&s± 50(1 m&rfXSb 0 , 

tt|BSHiS!JEtt^t:<D«iAP*.**0. 0 5mm£A±lm 40 

[0 0 10] C:«)JE«Ti7^iX-^H. l'i*Dl3)Sax 

:i-=E)]^ymi^(D^w\zwi(DmmmEEm#i^9&ioHif 
'f^:;i/7^^c*jviTtt, 2m<ommms.mmzm^- 

;^^J:5»CT*. 50 
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[0 0 11] ^fc*%^ic.j;n«, m^ik<Dmmi^tm 
sSTSi/i teas 0 $ nxfi -sjEttT i7 ^ i X- ^ T 

»oT. |frlB^«<^®JI«^*:©jP^*i 1 0 Mml^AJiS 0 
nmSJCfX$><0, Ii50^t>^En;tSfflE2<@®«i« 
Sffi«(*tOi^JS*.*i0. lmmet±2mmJJiTT*SC: 

[0 0 12] :i(D7i/^3.Ji-^i'\tm^iR^m^^X\^^U 

fi^i'^lcffift^n^, d©J;^fj:EE«7^^5"3.x-^' 
iZid^^X. »Stt«JEE«#:i:LT«¥l^iaS*«3 Mm£^ 

1 0 nm&,±5 0 AimfiATtb-S) 

[0 0 13] ^e{c*5l?8(CJ:n«. c:(Oip^c)E«T 

•r-5jEE«7i75'3.x-iS'ogiit:^jST*t3T. w-mm 

mT^mmmt, tfsti^o->'^-h\zn7i?^A^ 
#a*^'3 o%u;T©«//i7>"j7A'>^-x h^fflv^Tfr 

^CD«®A^->4>EP»iJ-r^^2XSt, MEWffiA^' 

h«)i«:*#sm3xst, itri5->-h«g«:*i 0 0 

ov&L±i 2 0 ox:^m(D&mxm^-r^m4xmt. 
t^mm4xm\z^^^xm^nrzm^^^^m9!kmr^m 

[0 0 14] Z.(Di:'^fS.m&-f3mX\t.. JFi^«iCg©/jN$ 

3Iig{C*5ViT«, €aA^->*<wwj*nfc->- 

[0 0 15] 

[5fi?^«S|jilgOffi^|g] tAT. *%9^«)JE«Ti'5^3.X- 
0 1 tt*^^Off«Ti'^iX-^©-SIS6jg^Ta&* 
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5 

-i-^ji/^m^i otcK:tt^n/tx;p-7}^-;i/«ffi<D-ii 
mmm'S:^Tmmm'v$> 0,03 «y w 1 0 

t:m!Sir^mmm&mwi 1 aic^tt^.n^cWgcD/-^^ 

to 0 1 6] /u^Ji^ym^i ott, 
i^atae.nfc2<@o«BMJE€#i 1 a • 1 1 hnimm 10 
[0 0 17] »mzmmm}£m#-i 1 aw^jgic-r^v^x 

rn^l 1 att, T*^e,)(g{c, T®lC«ffi2 2 bdi 

Stt&n±®{Cfia2 2 a3&i89:lt^nfcffi««2 1 e. 
±®fc«a2 2 b75iK:fte.nfcJE««2 id, ±B{C« 
ffi2 2 a*t^l-te.ti;tffi««2 1 c, Ji®tC«ffi2 2 b 
*i|S:tt&nfcJEE««2 1 b. ±Bfc«g2 2 a*tffl:tte> 

nfe£E««2 1 a*«««-mtas,n;t«ifts*-r«). 

[0 0 18] ySiiS. mmmS.n.i¥l l atC:feV^TEE«« 20 
2 1 a~2 1 edtSVMCigaLTVi^aStt, ^{CSttW 

Tfe^o 0 3 (a) ~ (d) A'-r^;!/ 

7m^l 0©±®flij («8MJE«^1 1 affliJ) *^^T® 

flu (»iiiaffi««Ji ib«) *afctti^*^UT^D. 

S3 (d) T«JEE««2 1 e43*^LT«ffi2 2 b^** 

[0 0 19] 02{C^$nSJ;^tC, «eSJE«#:il 
alC^ViXtt, «S2 2 a • 2 5 a\t. ffi««2 1 a~ 30 
2 1 etC^(t^nfc7LaP3 1 a (0 3#M) ^fiJfflbfc 
;:^;i'-*-Jl'«ffi2 8 alCJ:^T«^W(Cj^i^3nTVi 
*it«ffi2 2 b • 2 5 b«, ffi«S2 1 a~2 1 e 
fciftJt^nfcJLaPS 1 b (03#M) ^fiJfflbfcXJl'- 
*-;Hta2 8 blCj;oT«MWlC«EiBg$nTti-5. 

[0 0 2 0] MM 2 2 a • 2 2 b £E«« 2 1 a ~ 2 

1 e\zn.^^mimvxmmm&mi^i i atc^^s^^i; 

$-ti:-&«S (iet(l^€«E) ttS2 5a» 

7j^-Jl'«S 2 8 aSr^^figf «.fc*{cSJ3tj§S-Cffi: 
Itensaffi-C&O, «ffi2 5 a(DY:^|pJOg!|ICS:tt6. 40 
nTVi*«ffi2 2 b tlfeiSfc^nTVi^ (03 (b) • 

(d) #11) . mmznm2 5b«, 

,2 8 bSJ^j£-rSfcise)lcSjSjiST?i9:tt^n-5«ffi-Cfc 
0. «ffi2 5 b©Y:^|6l(Dg|{C^lt^nTti-5«a2 2 
a t«feigk$nTVi* (0 3 (a) • (c) . 

[0 0 2 11 mmms.miif^i i aic^v^xii, ««2 2 

a (X;i^— 3f:— ;i'«ffi2 8 a) SiSSfetb, « 
a2 2 b (X;l'-*— ;i'«ffi2 8 b) SrT— (0 

V) tuT. Hm«2 1 a~2 1 eiz^mmmam-^n 



<RfM 2003-209302 
6 

1 a • 2 1 c • 2 1 e iC«Z:^[o]±[p]^0)^i-ffi75^^i;. 
JE««2 1 b • 2 1 dtC*5tiTttZ:^rBlTlfi]#0^)-ffi*« 

[0 0 2 2] :kiz^mmmm^i i b©«jttcoviTI« 
mt^. 0l43j;y:0 4JC3^^tl^J:'5ic. ««M)EE« 
«il 1 btt, MIS, T*^€,«»C. T®{r«ffi2 2 a ' *t 

siitsn±®{c«ffi2 2 b ' f>mif^nit&m^2 3 

e , ±®{cfiS2 2 a ' Amn ^nrz&mw.2 3 d . ± 
Htc«ffi2 2 b ' i)im»^nrzKmm.2 3 c. ±®ir« 

g2 2 a ' *t|a:tt^.n;fcffi««2 3 b. ±Btcmffi2 2 
b ' *«lfttt5nAcffi««2 3 a*t«*Mtae.nfc«it* 

[0 0 2 3] 0 2{C^$tl^<ko{C. ^B^JE^^i^l 1 
btCiSViTtt. mM2 2a' • 2 5 a ' tt. ffifl:«2 3 
a~2 Seizm-fibn^Hms 1 a ' (04#M) *fiJ 
ffib:tX;i'-*-Jl/«ffi2 8 a ' lCj;-:3T«M6<JiCfeiK 
SnTV»-5. ^fc«ffi2 2b' • 2 5 b ' «. EE««2 

3 a~2 3 elzmn ^nrz^a^s i b ' (04#sg) s 

fiJfflLfcXJl'-3j^-;i'«ffi2 8 b " tCj;t>T«^e«UCgE 

[0 0 2 4] «ffi2 2a' • 2 2 b ' «. jaE««2 3 a 
~2 3 efc«|f*91JPbT«SM£E«<*:i 1 btc|g{fi:& 

ft«2 5 a ' ttX 

;i.-7}^-;i'«S2 8 a ' ^m^-r^rzisb\zmm.mm.xis^ 

(t6tl-5«ffiX-feO, ««S2 5 a ' ©Y:^|^©P{Cl9:lt 
StlTVi-5«ffi2 2 b ' irffeigk^nTVi* (04 (a) 

• (c) #M) . mm\zm.m2 5 b ' x;i/-51h-jp 
«ffi2 8 b ' <^j^fi!tr-5fcje){ciSjgjasTM(te.n^« 
m-v$>o, nM2 5 b ' coY^\ii<Dmizmf^nx^^^ 

«S2 2 a ' ,h«iilt^nTVi-5 (04 (b) • (d) # 
Rg) , CKDJ:^}^. «eMJE«#:l 1 a • 1 1 bW©gE 
«®*^t?iiM<i:bT> «g^ffimi 1 bttseeSIBEm 
1^1 1 a<i:?*#^«jt=£r=tbTti^. 
[0 0 2 5] fiie^J£«^l 1 b(C;&b^T(^. «S2 2 
a ' (X;P— ;Htg2 8a') SrT-X«ffi (0 
V) tb, 75^^. «g22b' (X;i^-*:— ;i'«ffi2 8 
b ' ) ^mnUthX, mWR2 3 a~2 3 e tC^J-S^Kl 

IC. JE««2 3a-23c-23e tC«Z:^[p]±|6j#<D 
^)-ffi*t^i;. ffi««2 3 b • 2 3 dtC*5ViTttZ:^|«aT 
ISI # G) iJ-a ^ U t»t «i i ;^ o T I i S . 

[0 0 2 6] 1 ott, mmmsMi^i i 

a • 1 1 b*^ JKffi2 8 at7.)l—^—}V 

«a2 8 a ' iimm.^izmm^n. 

«g2 8 b i::^jp-*-;u««i2 8 b ' timm.mzmm 

;Sn*J:-5fC. JSS«»|2 7 (02#M) iCioTg?^^ 
tlfc^iS^WbTVi^o XJl/-7j^-;i/Sffi2 8 a • 2 8 

a ' moymmmmmii. mmm^mi^i i ao^stcii 

(ten^fia2 5 a ^:»fiMEE%{tc 1 1 bOSiStCfStt 
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^1tX)l—n^—)UmM2 8 b • 2 8 b ' WW^MM 

2 bt««sjE«fti 1 h(Dms\zmif^tirzmm2 2 
[0 0 2 7] mmmmmi^fi 1 1 a <>:»n^i£m 1 1 b 

<DHtm\i. «WSJE««J1 1 a • 1 1 bfCOliT4)^«IM 
a*«®8iJJC«l7 Lfe^fC, «(«^)BE««i: 1 1 a 0«® 

(JE««2 1 efflij) i. IS«SBE«#:i 1 bCD^ffi (JE 
««2 3afiiJ) t*fi^«-rSJlttCj;t>TfftenTVi 

a. si®s!BE««Ji 1 a • 1 1 b^mmvft^\z»mm lo 
a*ff ^i, x;i/-5jN-;ms2 8 a • 2 8 a ' mom. 

^6^mmiiJi'0^7.)l—:^—JUnM2 8 b • 2 8 b ' W© 
«ftWJ*ii!*»cJ;-pT, 0l{c*-rJ:5:iiJBEm«2 1 a~ 
21e-23a~23e r]EE««2 1 a^j hl^ 

[0 0 2 83 owiEibti, ^J^«. x 

)V—^-)Vfm2 8 at#aLT^®{C»dJbTI.>S« 

S2 2 a<£'iiS«^4fi!l©^'-5:t-;i'tb, tJ^o. X^U-jJ^ 
—)Vn.m2 8 b(C^jlLT«®lCgtilbTVi-S«S2 5 
b*7-X«ffiffl<D:$'- = :?-JUi:LT, C:ne.©«ffi2 20 
2 a • 2 5 bWtHlfj£®itSfE«ffi*EPJp-r'5Ci:tcJ:o 

Tff ^diJi^T^s, 1 

acOjE«^2 1 a~2 1 e tCti-^n^'tX^J-ffiroioI^tra 

i;i«ii#tc«ifj&ta-*^sfcse)tc««sjimi i a^x:* 
rsiciKieu, mmmmm.wi i b©jE««2 3 a 
~2 3 e{c«^-n-t'n^M(75iPi#tttjS»r6]^««5f*«» 
*^s;t«e)tcwps£E«ft:i 1 b«x:^rsitc#ots, zin 
\z^K>n^=^)Vym=f-i o«, ■?-©iii!i^*iz:/^(p]±fflij 

[0 0 2 9] M2 2 a t«S82 5 btCEPJnT-Sftfi:* 30 

1 o*att$^scii*tT#, «S2 2 a • 
«ffi2 5 bwtc3?ijg«jaES:^j!jn-r-5t. m3m\zzf3^ 

1 0OX:^riRlMSg&@5£bfc4*ffiT«ffi2 2 a • « 
«2 5 bMfc3S;«E«BE*WJnr-5ClitCJ:oT, A-T^r 

1 o®x:^iojtf'ij'Sr)MiL. x:^rB]M^*ffii: 

oa®»C®UiLT^iS«ffi2 2 a • 2 2 a ' ODVi-mA^ 40 
— ;^i:«ffi2 5 b • 2 5 b ' OV^-rtl*^— :^i:CDW«r« 

[0 0 3 0] c:oJ;^;^^)t^^-r-5A*'f t^t-^m^i 
0K*5liT. JEEfl«2 1 a^©i?^>-ttl 0tfm4^±5 0 
Atm^T. «f*L<«l 5MmiJA±40MmeiT. ^ e. 
{c:$f$b<tt2 0 xim4UJi3 0 Atm£tT<tT^. cntc 
<tb, /W^Jl/^m^^l 0«, 0yA«, 10V£AT©e 
«ETfe+^IC±#;5:|gtt*a^-r. SWR2 1 a^Off 

fcO. ffi««2 1 a^&Sttr«af^L*t«ji-r-S^© 50 
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^S*i%*bg<^C-S. — fSM.WL2 1 a^CDff*.*i 
[0 0 3 1] JEa«2 1 a^»;p^$rCl®J;p(C^< L 

tz^m-Q^y^^mm'&L^m^-t^rzsbi.z. je««2 i a^ 

IC tt¥i^Scfl*i 3 M mtiT©JEE«ir ^ 5 <y X V i e, 
tl^. 1£«1S2 1 a~2 1 e(J5Vi^1Sig«. 2. 5 Mm 

)vzx>m=f-^>m.¥^--^if^'y^i^—^-:rmiSi (pzt 
-PMN) ?^*?mwjiifcffivie.n-s. 

[0 0 3 2] ^JBTSJc^tC. JEE«tK2 1 a^©spi^ia 
S^3 MmfiiTtf -SfcJ^IC. )^^=^)V7m=f-l 0<D% 
jtJCtitiTtt, ¥l^!|tS*iO. 5Mm|JATCDPZT-P 

SC:tfr<fc-DT, 1 Otfm£t±5 Otfini^TOJ?*-**r 
■r^£Ett«2 1 a^*f#S^8e)C0i/U — ^v'— hS'SJjt 
-r-&vli75tBl|g<»:fj:S, P ZT-PMNJ^**<S|.(DA'f*;6<) 
^a;iia«S«»l t UT«, 0l|7t«. m^£t^4- 7 8 5 8 2 

(0 0 3 3] qzi^J^gT^tO. 5/imUiT«)PZT-PM 

N?s*Ji^oj|»7fe«, jKi*S14*^i«i^ifc«&fc 10 0 ox:&i,±. 

1 2 0 0'C*»|-r<D«!fiK*tnJtgT?&0. 

*CD P Z TttiN-co— «9:6<j?5:^fi£M*-CfeS 1 2 0 0 "C^A 

±1 3 0 orgATJcOfcevio z.n\z^<on^:^)\,y^ 

T 1 0 Mas 22a-22b-25a.-25b<tU 
T. tie*— HSWfCfflVienTVifc/I^J^C^A (Pd) ^ 
WM**3 0%@COffi (Ag) /A^>f>A. (Pd) 
«J^tCf^;lT. n^y-J^h. (Pd) ^#«75n 9. 5% 
£AJi30%MT. 0*L<ttl9. 5%£AJi25%£^ 
T. J;0»*b<ttl 9. 596fiU:20. Z%im m 

2 0%) COffi (Ag) /A9>?"!>A (Pd) mffi«m« 

[0 0 3 4] ::5bT/'?^5?r>A (Pd) ©fieffl»SrM 
[0 0 3 5] ^«^fn^c««SffiS«Jl 1 a • 1 1 b© 

o*o;'«-f^;i/:7^^ 1 o©i^ff»f40. im 

mJJ^±2mmjy,T, »^L<tt0. 2 mm£<± 1 mmJJl 

T, S?.{C<if^b<«0. 2mmJ!J^JiO. Tmme^TT 
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[0 0 3 6] 1 0{i. ■iE-«!liJ?*-*i2m 

m&rftm^fztbiiz, mmm&mi^i i a • 1 1 b*^e. 

— ;P€S2 8a-28b-28a' •28b' ^fflV^S 

I 0<ox:^l^l^o— :^Sr0^b;^i.ia^teAlcH;£-r^ lO 
mz, J:(DH!£te*tcS®tCgWbfctiS2 2 a • 2 5 
b®«M6<)^j^*^nI^:Aj;«ffii«^^iatt:5 d tlCi 0 . 

[0 0 3 7] :k\z, /U=f:)Vym^i 0 oS!it*ftfct3 
ViXltt^B-r-S.*^. »«MJE«#:l 1 a • 1 1 b«|^«© 

I I a<DmTtj:mi:'^'bizvxwim-r^z.iift^, m 
yn—=^^-h-v$>^. m.mzwMn^'S:mm-r^ (x 20 

iPK©ffif»**t&5?^«LaUT3pi^iagS 0 . 5 iMm&rfi: 

j5^^{*:{CiSJe>^SiJ^«l 0% £tTT-*«. CI <*: 

Vi. c:n»Cj;0i^-:feia«t*Wr-5ffi««2 1 a^<£» 

[0 0 3 8] )fit»*»t»ff^:^Si:bTtt. #Mip9-2 
8 7 2#i;taJCH^$tlTV>^?Si««j#iC5;i/*fflVi^ 

^u\zn^:itt)^x'^^o meimmmw^s.Mz^^ 
mvcmmumTi^tzmnm^onmi^^^HOR i ba 

0, ¥1^&S*<0. 43 9wm (^>'T>S) ©M»«» 

[0 0 3 9] n^ntammmmzmm^ /•^-o^m^m 
•:fu—\^m^iju>isra—)im^iz^t:). ssijibfcx^ 40 

3) . X5^';;:^3-CS8it-r«y'J->->-hOJ?*.tttt 
SCtfCJ:^, :^5=-yy3tC*JV»T«, S*.*t*<j2 0M 

[0 0 4 0] i^vix. jK?^snfe?^^^«i^u->->-h 

Sr— ^0:^€r$ l a(DSS*<2 5 OmmOiE 

\zmmv iTsT-yzfA) . »snfc->-h©«e so 
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43ViX^»f-r^->-hcD:^^Stt. f^||#lcJ;^SiOft 
Vi**$^X»«3. tS^O, ^J>L«. 0 3 (a) tr^-r«ffi 

n^-y^wmz^^xim%mz^w\r^^iiti^x^ 

[ 0 0 4 1 1 :;*:tiX, :7U'-A»cft50Wte.nfc'>- h 
©^3£fi:B»CXJl/— *-Jmffi2 8 a • 2 8 b^J^^f 
^Ac8607LS|5 3 1 a • 3 1 b^EJ^fiRf^ 
6) , ilOTLSPS 1 a • 3 1 bWJ^fig«. ^MJCJ:^/1 
>5^>i^-^U'— tfiPX{C<fcoXff^c:i:*^*X'^S. ?Lai5 
3 1 a • 3 1 b ^JBfig-r^ttBtt. 'AOT.y'y:^? izis 
tt^^a^-X h<DffiiiJffi«t;i^to-&x^«>^*&n 

[0 0 4 2] TLgPS 1 a • 3 1 hft^^^tltz'^— h© 
BfJtttHJC, nvVOL. (Pd) ^^r«75iii!«j2 0%®ffi 

(Ag) //1^>"^>A (Pd) 7. ^^0f^«/1i5' — 
ttXi'U->WJffi*ffl^iXffjgJcfT*5n. 5fefC0 3 

(a) fC3^bfc«ffi/1^'->dtH]eiJ:Snfc->-ht, 0 
3 (b) tCS^Lfc«fiiA^->d^WSiJ$nfe->-h0 2 

[0 0 4 31 CdX. V— hOII?*-*«i|!«)6 0 /imJJATt 
Mc}gfiR$nfc?Lg53 1 a • 3 1 b 

0, c:«)?Lg|53 1 a • 3 1 bOrt«SSfCfc«ffi'^— X 

h*«^en«, c:n(cj;0^jci5iiat-sx5=-'y:/i otc 

*5ViX->-hi:'5b©flftEE«^£fTl^, 

1 JC*5VJXgSEfig5rffo;'t^{C. CLWTLgPS 1 a • 3 1 b 

X. XJl'— Jl'«ffi2 8 a • 2 8 htm^^ti^, 

[0 0 44] fS.^. y«J->v'-h^fflVifc-#:«§fiKj£ 
(cj;D»BMJI«m^^lSjfrs«^»c*5ViX. ^<D« 
»SJE«*^ JCX;P-jf:-;i^«ffi*Ktt-5*fe<»: bX 
tt. yU->->-h{c:}gfi!cbfc?La5*«li6«*bX, 

d <!:{Ci-3XJ^fiKStl-53tc-;i/{Cf|«l*ti^Sr^^&* 
;i5:«3fe*-r-5:^ffi*^ttenxVi-5. b*^b, A'T^:;!':? 

0®SgjiXSJc;fetiX«. HSR 3 1 a • 3 1 b* 
«!!gll*-rs^©X@;£i5S<!:T-5::t;a:<, 
-;l'Sg2 8 a • 2 8 h^mi^t^rLtt^X^^lttb 

[0 0 4 5] iKVix, «s/i^'->d*Hig'Jsnfc-)eis 

« (^JA«, 1 1275^2 0 Omm©iE:^}^©M«) Sr. A 

*^^i«iii$nfc^fc«»*<DttJi{cR$ns«tbxsfiJffl 
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r->-hAj t-r-S) 0 3 (b) {C^LAc^ffi/l^' 

[0 0 4 61 mmm&m^i i a srS)fi-r^«^ox5^ 

•y:^9©«ia«, «i^6<JICiE««2 1 a • 2 1 c • 2 1 

e t;a:2>3tt©->-hAi:, «i|i|MtCJE««2 1 b • 2 10 

1 di:fi^2t5CW->-hBSr35f5tCifS^M*aS. 1^:^ 
IC, «SMJEE«#:l 1 b *S!lifi-r^«^{Cf±. ftijilMtC 
flE€«2 3 a • 2 3 c • 2 3 e tJ^S 3«C®->— K B 

fti|^fl<ltCJE««2 3 b • 2 3 di;ft5 2*SC®>'— h 

[0 0 4 7] tm. «BMEE«#:i 1 aS:MjgT^«^ 
©X5"y:/9©«iajC*iViT«, Si|ilWtCEE««2 1 c 

• 2 1 e tfi^2^C0zy—hAii, ^SIMtC£E«S2 1 
b • 2 1 d<i:;^i-5 2^©->— hB*3?SJC«^^a^a, $ 
e.tCJEE««2 1 bi:;/i^->-hBO±tC, JEE««2 1 a 20 

^11 bSriJjt-r^«^lCtt, «*IWtrffi««2 3 c • 

2 3 e t/i^2t5cO>'-hBi, S*ie<JtCEE«1S2 3 b 

• 2 3dt;S:S2t!t®->-hA$3Sf5fC«fi«(iata, 
»CJS««2 3 b<t7^i^->— hAOJitc, JII|*^2 3a<i: 
75: S U - > h T» o rmS^-X h ^iWJ i^f nx 

[0 0 4 81 X5^!y:/9JC*3^tSi'-hAt->— hB<D 
a*-a*alS:c!>^W-^«S:t-r^i:, ^ox5">y:/i 4(c 30 

h A t->-hB?£«*mtafe^tC, ->-hAt 

AtbT«, f^7^l/X<&fT^fc|S{C->-hA*3j;y:->- 

do 40 

[0 04 91 J:'5bT«^Stae.nfe->— hAi->— h 

Btc^:r^xMa**g-r (x^-;/yio) . :::n{cj:0 

i^- h A <!: h B ;it^jBE« $ tlT-^^ft $ tDt U - 
fd (7,7^<>yi 1) . 7^=rvzr\ Hi. yij — >/|^— 

[0 0 5 0] 5'U->z|^-h*&«fi)cr-&MJ|SH»*««ig 50 
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tt. 1 0 0 0*C£<.±1 2 0 0*Cj|5}ft©ttH, »*U<tt 

1 1 0 CCi^iil 1 5 0*CiJ(.T<^®fHTfT^Ct;J«T# 

UT/l^v^^^A (Pd) '^^mti'^'i^ti\\^(0^m\i^^Z. 

1. 2/zmTSO, iiR«fCj^ii^bTt,idffi«:K2 
1 a~2 1 e*i#e.nTti-5t^^S:Si^f ddiTfttT* 

1 a.^tz.\-mmm.m.n.^ \ i i a 

[0 0 5 1] X5^>;/:/l 1 CJ;Of#e.n-Sj^^S^*:T-^.^ 
T, «gl!JEm«sl 1 aiLT«it$nfct><Z)tCtt. 
®— (JI««2 1 a«) {efts 2 2 a • 2 5 b 

XhSffllriT. «E^^©m«|g2 1 elW©«®JC0 3 

(d) {C^-r««i/1iS'->SrBIB<Jb, eSfiKSSi D fcffi 
l/ifiS-Cj^^ftttT. «ffi2 5 a • 2 2 b^J^fi^-T-S 
(Xt--v:/12) , X5=-yyi 2»C*V»Ttt, JE««2 

1 a#JOSHtCj^fig$nTV>-5«®2 2 a • 2 5 bCfc 

[0 0 5 2] nmz. wz^nn^n^mm. 

#:TaboT, |gMS!ffi«<^l 1 btLXSSifiStlfcfe© 

^E-CO— :^r©^® (EE««2 3 aiBiJ) tc«®2 2 b 
•25a' *^J^fi£$nTVi^j)^. (JE1|« 

2 3e#j) \z\t.mMi)m^-^tvT:\^^ts.\^^^(Dt.is.^, -e 

lit?. ffi'^-X h^fflUT. ^lS.W<DmWR2 3 effij® 
«B{C0 4 (d) {c^-r«SBAi5'->$HiS'Jb. j^fiKM 
«a; 0 t><&ViMfllXSli^#ttT, «ffi2 2 a ' •25b 

'Sj^^-rs. C:©i:#ff««2 3 afiUCD^fflfCJ^fi^^ 
nTl»Sfl|ffi2 2b' -253' iC'bffi'^— X 

[0 0 5 31 $feOXxy:/9{C*5V>T->-NA*5 

h B *«sTsiRc. fli«'^-x h5{»«En]sij$n 
«> mmmsm.w^i i a©«^(c«, jee«^2 i aflyic 

03 (a) \zm-tmm/^if->^^W\\^. ]BE«(*£2 1 e 

m\zm3 (d) tcjsf«a/t5'->*wj8!ib, 
[0 0 5 4] :^'ryyi 2 0«i7«{c«, ig'^-xh*^ 

(Xt^-;/:/! 3) . «IS:(D«BSjEmi 1 a (*3J:yt 
«SC®«»Sffi««Jl lb) S:»T, -eo^lCCin&OD 
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6^mfi^m^no (^.y^yyi 4) « mmmi^mwi i a 

ffil!lfflC0Sffi2 2 a • 2 2 b 1 2 IC*3ViTfS 

'^-X hS:«!^#ttT}g^t?nfc«ffi2 2 a • 2 2 b) 

a*ff5e:t*<-c€r-5. «eS!EEf|«£l Ib© 

*n«. ltBSEE«#:i 1 bOS®tC^tt?>nfc®«CD 
J!2:Viffi«fflO«ffi2 2a' •22b' ©WtcUffi^EPiP 10 

[0 0 5 5] X5^y:/i 4©iHf7^{c#^nfc«liMJE 

1 1 a tst^sffim 1 1 b ^mmmxM k> ^t^-ar 

ai2 2 a (**:«2 2a') •25b (S&tt2 5 b 
■) tCU-HiK*A>y#l-t^LTltOf+tt^. 20 
[0 0 5 6] Xy^yyi 5tC*5ViT«, «»SJE««t: 1 

1 atmmmBEm.»-i i bj5tsif$n;t»jc> 

««2 2 a • 2 5 b|ffllCf|£$^AnL/t^:^lc. «i)gM 
JE«*t:l 1 a*«fi£-r^JEE««2 1 a~2 1 e lci)-ffi© 

lib <fe«l!K-rSJE«S2 3 a~ 2 3 e JCttiJ-ft© 

S!BE«#:l 1 a$rfll)«-r^JE««2 1 a~2 1 eizi^m 

lib *fllfiRf -SEE** 2 3 a ~ 2 3 e JCtt^i-S© 30 

[0 0 5 71 td^T, JEE«Ti7^iX— ^'l 0©S!it 
JCfflVi-SMiPHftslcOiiZl^SlrS^tO. 5MmSTSS«^ 

— 1 OSrSJjS-r-S^ltttfflSiTS-S. m^ii. HOR 
I BASLA-9 2 OS^ffllxTal5£Snfc08^C^■r 
«^fl[4)•^<£*•r -5 P Z T - P MN?S-fe 5 5 ^7 7.M^«» 

±1 2 0 0*C*«iCOSS-eSlEfi£Lfc«^tCtt. t»*®fll 
©itJ&lC^U— >jI?— H^l 2 0 0X:£K±1 3 0 O'Cjy. 

T<D&&t;m^T^t. m9(osEM^^M\z^-r^o\z 
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SffiWipfibTA^i^C'A (Pd) ^WS*^*2 
0%OiS (Ag) /nvV'OK (Pd) '^-Xhdifflti 
^tlTViSyU — >3}?-H* 1 2 0 0"CUi±l 3 0 ot: 
fiAT©M«TjKfi!cLfc«^{C«. ^ (Ag) 7>t^'J-> 

»fcoT, /•^5v'«:;A (Pd) ^^«*«3 0%jB©ffi 

(Ag) /nv=y^K (Pd) ^— Xh$ffll^^fg5>S*^* 
^r-5fc*JC, JEE«Ti7 5'iX-5' 1 o©Sijgrj:^h*t 

[0 0 5 81 ^IC, *5!WW)E«Ti75^iX-^'©giJ«) 

siMwj^^icoviTittw-rs. ai o©»T®0ic^-rA- 

-f ^:;U7m^^l 0 att, ±aiLJtA*'f^Jl'-7m^ 1 0* 
«fiKT-5««ajBE«^ 1 1 a • 1 1 bWtc, 
A*ttLT^JB«4 l*tt**tlfc«tiS**LTV»*. » 
«^EE«^*:i 1 a • 1 1 bO«jt«5ttc:itt?«LfcjlD-C 

^s«4ii:bT«. u >»«^©A•:^^^4$rW•r 
^^a*WJa^c^^ie.n. ^OJ?*-«l 0xtmJJA±2 0 

[0 0 5 9] «^M)E«#:l 1 a • 1 1 b^iftJ^tC^R 
«4 1 {C^^-r^t. ^TWX;l/-7f:— ;U«ffi2 8 a • 
28a'^28b^28b' j5«^S«4 1 t«Mfl<JtCj^ 

iKsnrb^iri, n'r^:;i'7*^ 1 0 a^Kftf 
[00601 ^1 (D^mi.. s 1 1 ®»fffl0tc*-r J:3 

tiitj^«. x;u— ;p«a2 8 b • 2 8 b ' 
«4 1 &^LT«MEK)tCj$igg$n^7!ii. x;i^-*-;i'« 
ffi2 8 a • 2 8 a ' «^JR«4 1 ifgig^Sn-S IC. 

^)B«4 1 o^m'&mif\zim.w&mA 2 ^^-^^^ 

•rS:^j*T&So J:c5*feig:tt8JBg4 2(OJ?*^75tJ¥<!a^ 

^s«4 1 tMmm£.m^ \ 1 a • 1 1 bt^g?* 

■r«.|SJC|gB^BE«#: 1 1 a • 1 1 b*t^m^*J^-nd^ 
c:©fc*{cifeiSW48r)|g4 2 olSStt 1 0 nmSKT 

[0 0 6 1] m2o:^Stt, 01 2o»f®sic^-r<J;5 
tc. «)iS£E««sl 1 a ?&S!jt-r-5ISt^, m«ffi2 1 e 
t;^S->— HAJCOViTtt, ?LSP3 1 aSJgfi!cL';^V»:fr 
feTfeS, ::n«C<fc«P7.>'l'-*->'W««i2 8 a«^J|i« 
4 1 t«aTsc:i7i«T^;ia;<;^-5, cco^^tcttss 
tc, Ef|:tR2 1 e (cl9:(te>n-&%S2 2 b(D«SMIII$ 
ffi««t2 1 e^#:fci£tf«Ili:*«T#S. Il^lT. 
M)E€^*: 1 1 a <!:^a«4 1 

\^<r>w&±mzwt.mzM'^\z\%. ^jswipff^uojs 

:i<h*«T^^o wm\z. ««MJE««Ji ibS8JiS-rs 
ISfCtt, £E««2 3 at;^S->-hBlC-^V»Ttt. ?LSP 
3 1a' *}gfiR-&-r. £E««2 3 a {Ct9:lt&n««S2 

2 b ' osfiiB«s:ffi««2 3 &'k.mzmj^. cnic 
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^^^-;^«®2 8 a ' ©^p«4 1 iKDmma^ 
B^it^n, mmmmmiif^i i b t^mm4 i(Dmmm(o 

[0 0 6 2] A*'r^;U7^i=-l 0 a©Kl!)«. ^J^tf. 
^*lfil4 1 tXJP— Jf:— ;umffi2 8 a • 2 8 a ' 
LT«ffi»C«ttlLTI.»««S2 2 atOMt«BESrEPJ!ni 

r^dtictofr^ctdtT^-s (0io#s8) . A*-r 
1 a • 1 1 b<o$^mmmtsn^ft«f>iiz. —tstmz^iSL lo 

[0 0 6 3] A--f ^:J|/7^^tCffll/i-S->A« 

3tt. :/'J>hia«SS«8 0*«liS!ffi««^l 1 a • 1 

1 h-vi^/otmm^m-r^n-f^jiyym'i'i o b©^jg 

*^-ri«fri50Tfe^. yu>hBBijS««8 0«. 013 
(b) fd^-Ti^tc, «*B&S«8 5©«:S®tr|9:lten 
fc^imSiS l*t^lX;W-*:-;i/8 2cog®$rjli;T 

2mm8 3i)^m2X)i'-n^-ju8 4<Dmm^mcxmm 20 

[0 0 6 4] 0 1 3 (a) iC^-Tct^fC, ^2«:ffi8 3 
®¥ffijetttt«a2 2 b • 2 2 b ' (Dmmz—Wc^it^ 

2 5 a • 2 5 a ' OJ^tRlC— grS-frS d tdtTf^S. 

^, ^ 1 s 2 2 Ji/ 8 4 

(tS::t)5:<. «*8B««8 5C9fiiJ®$:iii;T^l«ffi8 
1 a^LimmtSit, *fc^2«ffi8 3i:5US:Sjl$ 

[0 0 6 5] r®J;5^7''J>hHH«aS«8 0i:««M 30 

mm.i^i 1 a • 1 1 ht^. PHimms l 

;i/€ffi2 8 a • 2 8 a ' {€ffi2 5 a • 2 5 a ' ) M/Jt 
A^o, ^2«ffi8 3 i:7.)U—n^—JUnM2 8 b 
•28b" («fig2 2 b • 2 2 b ' ) W^t^jlt-^J:^ 

{cs^ip-r-s, ;iti{cJ:»3A-'f^:;i/7^^^i 0 b©— :^cD 
ma. m^itmmmEEni^i i afi((9^®;»>i&«s>j- 
HSrflStowuT, ju=e)vym^i ob^mmt^z.t 
ji^T^f^o A*-f ^:;i/:7m^i 0b«, /-^-f^jiym^i 

5. 40 

[0 0 6 6] -AlZ. EEm.Ti/'^:i.JL—i$'<D-$iE,lZWl(Dm 

m<Dmm\z'D\,^xmmr^o mi 4(Dmmm\z^-t:i— 

1 0 c ^««4 1 tClfflCD«SMJEE«#: 
1 1 aSWp#ttTl»fi!tSn«]E€Ti^^3.x-iS'T?* 

S2 8 a • 2 8 b75itt)(r^®«4 1 tzmmT^Z.iiiii 

Ui^^viz, ;i/«@2 8 a (^sstl4 1 1 

o^4Fi9(c«^€S2 5 a) ii^m«i4 1 iz<Dmizmm 
[0 0 6 7] jL=.^)uym^ 10c (ommit. m?Lii. so 
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^m^4 1 i:x)i—n-^—jimM2 8 a tmmvxm.mz 

SHlUTL»S«ffi2 2 a t®m»C«ffi*epjp-r«J:i:t 

J;0ff'5= ^L-^jiym^l OcTti, EE«1S2 1 a~ 
2 1 e<7)^i-ffiC0|6l#<»:I^Dlfi]^iC«#7J^EriliP;§^nSJ;^ 

[0 0 6 8] =L~^;lym^l 0 c\t. 
10-10 airltfe-r^t. K«lltEE*<rai;«-&(C»^ 
n-S^iimtt/jN;^ <;^c-S, /NW^r-'U^^^ 1 0 

• 1 0 a »c*jv»Ttt, mm<Dm.\zmmms.mi^ 1 1 a • 

1 1 bWlifn*^— :^(DJE€«2 1 a~2 1 e fC^ffiO 
<DfcJC)fC>'t'f t;i'-7^^1 0-10 atCt5V>Ttt, ft^ 

[0 0 6 9] *5l9«©||]!ig«J^ffiJCOViTi$ie«b 
01JA«, A'-f^rJP^^^^l 0^?£«fi£-r««B 

sffi«#:i 1 a • 1 1 b«covjT«. mnm^^smmm. 

tJirpTVi^feroS^Lfc*^. ««SJEmi 1 a • 1 

ib<Dm.m^M^<o^mmfi.tsn^mr)\z^\r^T. je« 

■:?ViTfc, 0 3cD=&0tc5^$n'5A^'— >»cK^$n;^ 

Se.lC/'^-f ^:JI/75gTl 0 aJCfeViTtt. ^S«4 

1 Jrif6iS^tt«*IS4 2*sits::tT?x;i'-iN-;nie2 

8 a • 2 8 a ' WO^il^lWibLTV^^^^, ^JA«*6i& 
tt«*|g4 2*ett^f^*3 0tC7.;i'-*-;i.«S2 8 a • 

2 8a' m<Dmmt:&i±T^7i^-)U^^miS.4: 1 tC^tt 
TfeJcti. :^^miZ%^/-^-(=E)l'ym^l o^(Dmmt 
LTfi. ^J;^«. iS«JEETffit!)Br«g;^JEE«U U--^^^ 

«i§«A*-r:/U'-^'. A^;wsxe-;<j^s#tfs;it 

[0 0 7 0] 

^ t ic J:oTff*-O^Viyj ->->- h tifSLBt^ 
:it^'i-sjm^rzt()\z. KmiR<D-moym^^n<r^:i 

tf>\z. n=7'J^l. (Pd) #Wfio^;'j:Vi«g'<— X h 
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[0 2] 01 \z^-rfU=^)i'ym^mf^tirc:^)v--^ 
s5t"¥®0. 

[04] 01 ic^TA*-f^:;u-7^^*«fiX-r^ffi:^co« 
[0 5] 01 ics^T/s'-f ©S8iS:frfe©-l|]!ig 

j^«i&^-rittB^0. 

[0 6] mnm^<onm^^^^rm.m^> 

[0 7 ] ^;i/7m^?&«fi!c-rsffi««©IS«j&*^ 

■rSEM^Ko 

[08] ist^(Dmnm^o)W^^^^rmmm. 

[0 9] fie3feCDA*-f ^:;i^7*^Sr«fiEr^)E«««aSl« 
[01 0] A*-f^;l/:7*^^(DSiJ<DJ^«iSr^-rWf®0. 20 

[011] /\*'f^Jl'7mi^©Sffi«jfi«>— ^Jgj^li*3^ 

-rwfffl0. 

[0131 n^=E)i'ym'f-(Dm.mmm<r>^^izm<Dmm 
j^«g*^-rwf®0. 

[014] £E€Ti^^a.X-^®SlJ©||*fiJ^^T*Sa 

[01 
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[01 5] mM<Dn^^}vym'f-<Dim,mT^^m-rmm 
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